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Objectives: Blood pressure (BP) variability is associated with 
hypertensive (HT) target organ damage and cardiovascular 
events. The aim of this study was to investigate the relation 
between neutrophil to lymphocyte ratio (NLR) and BP variabil-
ity in hypertensive and normotensive subjects.
Study design: In this cross-sectional study, 150 subjects (63 
male, mean age 52.1±5.2 years) were enrolled. In all patients, 
blood samples and 24-hour ambulatory blood pressure (BP) 
monitoring were obtained. According to 24-hour ambulatory 
BP results, participants were divided into four investigation 
categories. Group 1= Normotensive dipper (ND), Group 2= 
Normotensive non-dipper (NN), Group 3= HT dipper (HD), 
Group 4= HT non-dipper (HN).
Results: Highest NLR values were determined in the HN 
group (p=0.005 vs. ND, p=0.046 vs. NN and p<0.01 vs. HD). 
NLR values were similar among the ND, NN and HD groups 
(p>0.05, for all). NLR was correlated with night systolic blood 
pressure (SBP) (r=0.178, p=0.031), night diastolic blood 
pressure (DBP) (r=0.176, p=0.032) and BP variation rate (r=-
0.246, p=0.003). Multiple linear regression analysis showed 
BP variation rate to be an independent predictor of high NLR 
value (β=0.186, 95% CI=0.918-0.982, p=0.044). In ROC anal-
ysis, a level of NLR>2.7 predicted non-dipper HT with 83% 
sensitivity and 65% specificity (ROC area under curve: 0.653, 
95% CI=0.565-0.741, p=0.001).
Conclusion: In the present study, we found that NLR levels 
were significantly correlated with BP variability. The measure-
ment of NLR may be used to indicate increased risk of HT-
related adverse cardiovascular events.

Amaç: Kan basıncı (KB) değişkenliği hipertansiyonda (HT) 
hedef organ hasarı ve kardiyovasküler olaylarla ilişkilidir. Bu 
çalışmanın amacı KB normal olan kişiler ve yeni tanı konmuş 
hipertansiyonlu olgularda KB değişkenliği ile nötrofil/lenfosit 
oranı (N/L oranı) arasındaki ilişkiyi araştırmaktır.
Çalışma planı: Bu kesitsel çalışmaya yeni tanı konan hiper-
tansiyonlu ve KB normal 150 kişi (63 erkek, ortalama yaş  
52.1±5.2 yıl) alındı. Tüm hastalara 24 saat tansiyon Holter 
cihazı (24s-THC) ile KB izlemi, transtorasik ekokardiyografi 
tetkiki ve biyokimyasal kan testi yapıldı. 24s-THC’dan elde 
edilen verilere göre hastalar dört gruba ayrıldı. Grup 1= Nor-
mal tansiyonlu dipper (ND), Grup 2= Normal tansiyonlu non-
dipper (NN), Grup 3= Hipertansiyonlu dipper (HD), Grup 4= 
Hipertansiyonlu non-dipper (HN).
Bulgular: En yüksek N/L oranı değeri HN grubunda elde 
edildi (p=0.005 ve ND, p=0.046 ve NN ile p<0.001 ve HD). 
N/L oranı ND, NN ve HD gruplarında benzer bulundu. N/L 
oranı ile gece sistolik KB (r=0.178, p= 0.031), gece diyasto-
lik KB (r=0.176, p=0.032) ve ortalama KB değişimi (r=-0.246, 
p=0.003) arasında korelasyon saptandı. Çoklu doğrusal reg-
resyon analizinde ortalama KB değişkenliği yüksek N/L oranı-
nın bağımsız öngördürücüsü olarak saptandı (β=0.186, %95 
GA=0.918-0.982 , p=0.044). ROC eğrisi analizinde N/L oranı 
>2.7 seviyesi, non-dipper HT’yi %83 duyarlılık ve %65 özgül-
lükle tahmin ettirmektedir (ROC eğrisi altındaki alan=0.653, 
%95 GA=0.565- 0.741, p=0.001).
Sonuç: Bu çalışmada, N/L oranı KB değişkenliği ile ilişkili bu-
lunmuştur. N/L oranı HT’ye bağlı artmış kardiyovasküler olay-
ları öngörmede kullanılabilecek bir parametre olarak ön plana 
çıkmaktadır.
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Hypertension (HT) is a well-known risk factor for 
cardiovascular disease.[1] Blood pressure (BP) is 

a continuous variable. During sleep, mental and phys-
ical activity, BP changes in a manner unique to each 
individual, from moment to moment in response to 
autonomic, humoral, mechanical, myogenic, and en-
vironmental stimuli.[2,3] During sleep, a normal fall (or 
“dip”) in BP is considered to be a dip of no more than 
10%, and those whose BP dips more than 10% have 
been termed ‘dippers’. Those whose reduction ranges 
remain under 10% have been termed “non dippers”.[4]

Decreased BP 
variability has been 
reported to be asso-
ciated with hyper-
tensive target organ 
damage and cardio-
vascular events.[5] 
The pathologic and 
molecular mecha-

nisms by which BP variability leads to vascular dis-
ease are controversial. It has been suggested that BP 
variability may promote endothelial expression of cy-
tokines and stimulate inflammation.[6] Some different 
inflammatory markers (RDW, hs-CRP and mean plate-
let volume) were found to be related with BP variabil-
ity in hypertensive patients.[7,8] The total white blood 
cell (WBC) count and its subtypes, such as neutrophil, 
lymphocyte and neutrophil/lymphocyte ratio (NLR) 
can be used as an indicator of systemic inflammation.

NLR is an inexpensive, easy to obtain, widely 
available new addition marker, which is calculated 
from complete blood count with differential.[6,7] NLR 
has prognostic importance in cardiovascular disease 
and heart failure.[9-11] However, there is not sufficient 
knowledge about the possible relationship between 
NLR and BP variation in hypertensive and normoten-
sive subjects. The aim of this study was to investigate 
the relation between NLR and BP variability in hyper-
tensive and normotensive subjects.

PATIENTS AND METHODS

Study population

Participants were recruited from the hypertension 
outpatient clinic at Tepecik Research Hospital. Can-
didates were those subjects who met the criteria of 
essential hypertension, and age-, sex-, biochemical- 
and anthropometric- matched normotensive individu-
als were enrolled as controls in this cross-sectional 
study (Table 1). In order to exclude pharmacologi-
cal effects on hemodynamics or ventricular hyper-
trophy and function, hypertensive patients had three 
clinic BP measurements (>140/90 mmHg) taken at 
1-week intervals in the absence of any previous an-
tihypertensive treatment. Exclusion criteria included 
the presence of the following: Known coronary artery 
disease, chronic renal failure, chronic liver disorders, 
moderate, or severe valvular disease, diabetes melli-
tus, congenital heart disease, LV systolic dysfunction 
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Abbreviations:

BP Blood pressure
HD Hypertensive Dipper
HN Hypertensive Non-dipper
hs-CRP High-sensitive C-reactive protein
HT Hypertension
LVM Left ventricular mass
ND Normotensive Dipper
NLR Neutrophil/lymphocyte ratio
WBC White blood cell

Table 1. Comparison of baseline characteristic parameters of patients

 Prehypertensive (n=69) Normotensive (n=81) p

 n % Mean±SD n % Mean±SD

Age (Years)   50.7±16.51   52.6±15.22 0.471
Gender (Female) 41 59  43 53  0.402
Smoking 22 31  23 28  0.383
Glucose (mg/dl)   96.3±18.23   103±33.22 0.112
BUN (mg/dl)   29.2±9.56   32.7±11.47 0.005
Creatinine (mg/dl)   0.9±0.19   0.9±0.33 0.182
Total cholesterol (mg/dl)   202.3±51.82   203.8±48.71 0.854
Trygliseride (mg/dl)   149.3±76.82   164.3±74.33 0.245
HDL (mg/dl)   44.5±8.29   44.8±11.91 0.881
LDL (mg/dl)   131.2±41   126.3±43.84 0.493
BUN: Blood urine nitrate; HDL: High density lipoprotein; LDL: Low density lipoprotein; SD Standard deviation.
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on echocardiography (ejection fraction <50%), recent 
acute coronary syndrome, anemia, hyperthyroidism, 
pregnancy, obstructive sleep apnea, secondary HT, 
hematological disorders, known malignancy and drug 
history including anti-gout agent, WBC count >12 
000 cells per μL or <4000 cells per μL, and high body 
temperature >38 ºC. Also, patients who had a recent 
history of acute infection or inflammatory disease 
were excluded from the study. The institutional ethics 
committee approved the study and written informed 
consent for participation in the study was obtained 
from all individuals.

Following history and physical examination, 24-
hour ambulatory BP monitoring, transthoracic echo-
cardiography examination and blood samples were 
obtained for all patients.

According to 24-hour ambulatory BP results, par-
ticipants were divided into four investigation catego-
ries on the basis of dipping status (dipper vs. non-
dipper) and ambulatory BP (normal ambulatory BP 
if waking SBP/DBP means were <135/85 mmHg and 
sleeping SBP/DBP means were <120/70 mmHg), and 
elevated ambulatory BP otherwise. Group 1= Normo-
tensive dipper (ND), Group 2= Normotensive non-

dipper (NN), Group 3= Hypertensive dipper (HD), 
Group 4= Hypertensive non-dipper (HN).

Echocardiography

Echocardiographic examination was performed in all 
study subjects using a commercially available sys-
tem (Vivid 7R GE Medical System, Horten, Norway) 
with a 2.0-3.5MHz transducer (ZE and MG). M-mode 
echocardiography measurements were obtained on 
the basis of the standards of the American Society of 
Echocardiography.[12] LV ejection fraction (EF) was 
determined by the biplane Simpson’s method.[13] Left 
ventricular mass (LVM, g) was calculated using the 
Devereux formula: LVM (g) = 0.8 x 1.04 x [(LviDD 
+ IVS + PWT)3 – LviDD3] + 0.6.[11,14] LV mass index 
(LVMI, g/m2) was obtained with the following for-
mula: LVM/body surface area.

All echocardiography studies were carried out by 
the same observer, who was unaware of the clinical 
data in order to avoid intra-reader variability. Each 
examination was recorded and two other cardiolo-
gists, blinded to the HT status of the patients, inter-
preted the results off-line. Intra-observer variability 
was <5%.

Table 2. Comparison of baseline, clinical and ambulatory blood pressure characteristics

Variables Normotensive  Normotensive Hypertensive Hypertensive p

 dipper (n=32) non-dipper (n=37) dipper (n=39) non-dipper (n=42)

 Mean±SD Mean±SD Mean±SD Mean±SD

Age (year) 50.3±17.92 52.3±15.03 48.8±14.55d 57.3±14.26 0.091
Gender (female) 21 (66%) 21 (57%) 24 (62%) 21 (51%) 0.632
LVEF (%) 62.3±4.31 61.1±3.77 61.3±6.81 61.1±2.92 0.574
LVMass (g) 147.1±40.32cd 171.6±58.26 183.5±53.54 180.7±47.23 0.072
LVMI (g/m2) 83.6±20.21cd 97.8±31.64 103.6±27.51 101.5±24.60 0.061
Day SBP (mmhg) 124.5±6.97bcd 118.6±6.45cd 144.7±10.11 148.4±13.26 <0.001
Day DBP (mmhg) 80.9±5.83bcd 77.1±5.01cd 91.8±9.89  91.4±11.24 <0.001
Night SBP (mmhg) 110.8±6.95cd 109.4±25.42cd 132.4±9.80d 146.2±15.49 <0.001
Night DBP (mmhg)    67.4±5.13bcd 72.9±5.43cd 77.8±8.21d 87.3±10.31 <0.001
SBP (mmhg)  121.4±6.94cd 118.6±6.48cd 143.6±8.92 148.3±13.37 <0.001
DBP (mmhg) 78.0±5.28cd 76.1±4.74cd 90.4±9.47 91.1±10.99 <0.001
BP variability (%) -14.7±41bd -4.2±5.60c -13.5±3.40d -4.12±4.68 <0.001
LVMaas: Left ventricle mass; LVMI: Left ventricle mass index; LVEF: Left ventricle ejection fraction; SBP: Systolic blood pressure; DBP: Diastolic blood pres-
sure; SD: Standard deviation.
p<0.05 was considered statistically significant; bp< 0.05 vs. normotensive non-dipper group; cp<0.05 vs. HT dipper group; dp<0.05 vs. HT non-dipper group.



measured by an automated hematology analyzer. Ab-
solute cell counts were used in the analyses.

Statistical analysis

All analyses were conducted using SPSS 17. 0 (SPSS 
for Windows 17.0, Chicago, IL). Comparison of cat-
egorical variables between the groups was performed 
using the chi square (χ2) test. The Kolmogorov–
Smirnov test was performed to evaluate normality of 
distribution of all continuous variables. Analysis of 
variance (ANOVA) was used in the analysis of con-
tinuous variables. Correlations between NLR and lab-
oratory, hemodynamic and echocardiographic param-
eters were assessed by the Pearson correlation test. All 
significant (p<0.05) parameters in the bivariate analy-
sis were selected in the multivariate model. To avoid 
over-fitting and co-linearity in assessing the multivari-
ate model, independent variables have been tested for 
inter-correlation. A stepwise multiple linear regression 
analysis was performed to identify the independent as-
sociations of NLR. A two-tailed p<0.05 was consid-

Ambulatory 24-hour blood pressure monitoring

24-hour ambulatory BP was obtained using a non-
invasive oscillometric system (Physo Quant win 6.2, 
Envite C- Wismar G mbH, Wisman, Germany). Au-
tomatic BP recordings were obtained regularly every 
30 minutes during the 24-hour period. The cuff was 
placed around the non-dominant arm of the subjects. 
Sleep and wakefulness periods were assessed based 
on the information obtained from the patients. BP 
variability was calculated using the following for-
mula: (%) 100x[1 – (sleep systolic BP/awake systolic 
BP)]. Detection of blood variability of more than 10% 
was regarded as Dipper HT, and detection of less than 
10% was regarded as non-dipper HT.[4]

Blood samples

Blood samples were drawn in the morning after a 
20-minute rest following a fasting period of 12 h. Glu-
cose, blood urine nitrate (BUN), creatinine and lipid 
profiles for blood samples were analyzed for each 
patient. Total and differential leukocyte counts were 

Table 3. Comparisson of laboratory characteristics of patients

Variables Normotensive  Normotensive Hypertensive Hypertensive p

 dipper (n=32) non-dipper (n=37) dipper (n=39) non-dipper (n=42)

 Mean±SD Mean±SD Mean±SD Mean±SD

Glucose (mg/dl) 96.2±19.94 98.3±17.72 102.0±28.75 107.3±40.92  0.402
BUN (mg/dl) 28.1±9.41d 30.7±10.01 30.8±8.04 35.5±14.554  0.051
Creatinine (mg/dl) 0.9±0.15 0.9±0.12 0.97±0.25 1.0±0.24  0.453
T. Chol. (mg/dl) 198.9±40.22 196.2±52.14 209.0±58.76 198.9±40.49 0.714
Triglyceride (mg/dl) 141.3±71.72 158.6±81.18 165.3±86.25 152.1±57.07  0.621
HDL-C (mg/dl) 44.6±7.32 43±8.57 45.4±12.79 45.6±12.23 0.756
LDL-C (mg/dl) 125.9±34.21 127.6±40 130.7±49.06 122.8±37.87  0.881
HBG (mg/dl) 13.6±1.54 13.3±1.65 13.9±1.85 13.2±1.58 0.232
HTC (%) 40.1±4.43 41.2±4.62 41.2±4.63 39.8±7.89  0.491
WBC (K/ul) 7.4±1.91 8.3±3.01 8.0±2.79 7.8±1.97 0.533
Neutrophils (mm3) 4.3±1.52 4.9±1.51 4.7±1.94 4.9±1.51 0.411
Lymphocytes (mm3) 2.3±0.62 2.5±1.64 2.5±0.90d 2.0±0.77 0.179
NLR 2.02±0.83 2.23±0.91 1.88±0.60 2.71±1.18abc 0.001
PLATELET (×109/L)  246.4±65.91 283.4±79 263.9±58 251.6±72.74 0.113
MPV (fL) 8.4±1.01 8.8±1.51 8.8±1.01 8.8±0.98 0.474
BUN: Blood urea nitrogen; T. Chol.: Total cholesterol; HDL-C: High density lipoprotein cholesterol; LDL-C: Low density lipoprotein cholesterol; HBG: Hemo-
globuline; HTC: Hemotocrite; WBC: White blood cell; NLR: Neutrophil lymphocyte ratio; MPV: Mean platelet volume.
p<0.05 was considered statistically significant; ap< 0.05 vs. normotensive dipper group; bp< 0.05 vs. normotensive non-dipper group; cp<0.05 vs. HT dipper 
group; dp<0.05 vs. HT non-dipper group.
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ered statistically significant. The cut-off value of NLR 
for predicting non-dipper HT with corresponding sen-
sitivity and specificity was assessed by receiver oper-
ating characteristic (ROC) curve analysis.

RESULTS

Four different TA patterns were determined accord-
ing to the basis of BP variability and ambulatory BP; 
1) 32 patients with ND status 2) 37 patients with NN 
status 3) 39 patients with HD status 4) 42 patients 
with HN status. Comparison of baseline, clinical and 
24-hour ambulatory BP monitoring results are shown 
in Table 2. Laboratory characteristics are showed in 
Table 3. The highest NLR values were determined in 
the HN group compared with ND, NN and HD groups 
(p=0.005 vs. ND, p=0.046 vs. NN and p<0.01 vs. HD). 
NLR values were similar among the ND, NN and HD 
groups (p>0.050, for all).

Pearson correlation analyses showed that NLR 
was correlated with night SBP (r=0.178, p=0.031), 
night DBP (r=0.176, p=0.032), BP variation rate (r=-
0.246, p=0.003) and triglyceride (TG) levels (r=-0.19, 
p=0.030).

Stepwise multiple linear regression analysis 
showed that BP variation rate was an independent pre-
dictor of high NLR value (β=0.186, 95% CI=0.918-
0.982, p=0.044). The relationships between NLR with 
BP variation rate are shown in Figure 1.

In ROC curve analysis, a level of NLR >2.7 pre-

dicted non-dipper HT with 83% sensitivity and 65% 
specificity (ROC area under curve: 0.653, 95% CI= 
0.565- 0.741, p=0.001) (Figure 2).

DISCUSSION

In the present study, we found that NLR levels were 
significantly correlated with BP variation. NLR was 
higher among subjects with non-dipper HT compared 
with dipper HT and normotensive persons.

BP variability was reported to be associated with 
hypertensive target organ damage and cardiovascular 
events.[5] Mancia at al.[15] demonstrated that arterial 
BP fluctuations are related with increased carotid inti-
ma-media thickness. It is recognized that BP variabil-
ity has prognostic significance in determining cardio-
vascular mortality and morbidity.[16] One mechanism 
may be the relationship between BP variability and 
target organ damage in inflammatory response.[6,17] It 
has been suggested that elevated BP and decreased 
BP variability may promote endothelial expression 
of cytokines and stimulate inflammation.[6] Kwang-Il 
Kim et al.[17] demonstrated that inflammatory markers 
(IL-6, high-sensitive C-reactive protein (hs-CRP) and 
TNF-α) were associated with BP variability in HT pa-
tients. Some different inflammatory markers (RDW, 

Figure 1. Neutrophil to lymphocyte ratio levels along with 
four investigated categories on the basis of dipping status 
and ambulatory blood pressure.
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In conclusion, despite these limitations, we believe 
that the study provides new scientific information, as 
it reports statistically significant positive associations 
between BP variability and NLR. The measurement 
of NLR may be used to indicate increased risk of HT-
related adverse cardiovascular events. Further pro-
spective studies with larger sample sizes are needed 
to shed light on the mechanism underlying this asso-
ciation.
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